A new fabrication method involving pulsed electric current heating was used to investigate shortening the time and lowering the cost of fabrication of silica glass. The advantages of this technique on the functionali ty of silica glass are also discussed. Silica powder was filled in a graphite mold having a diameter of 20mm. The temperature on the external mold surface was raised from 1773 to 1873K at heating rates of 50 and 100K/min under a constant uniaxial pressure of 20MPa. As a result, transparent silica glass free of bubbles was successfully fabricated at the heating rate of 50K/min. However, in the case of 100K/min, crystalline particles were formed on the bulk surface in addition to numerous bubbles. These crystals are attributed to a high temperature gradient, so that the heating at the bulk surface is insufficient and the temperature does not reach the melting point of silica. Investigation of the physical, mechanical and optical properties rev ealed that amorphous silica obtained by the pulsed electric current heating technique has the same density, refractive index, elastic modulus and absorbance as fused silica.
Introduction
The pulsed electric current heating technique is attracting much attention as a new technique for rapidly heating and sintering various ceramics, metals and compounds.1)-6) From the viewpoint of the use of a graphite mold, the tech nique is very similar to the conventional hot press tequnique.7 However, it is suggested that a large pulsed current can be applied to a reagent powder surface in the graphite mold, so that a plasma or an activation process can be induced. In this manner, very fast heating is possible. Low-temperature and short-time-sintering controlled parti cle growth has been investigated for ceramics in recent years. As a type of glass, silica became an essential material for drawing optical fibers and fabricating optical devices for telecommunication. A temperature above 2273K is usually required for fabricating a preform used for drawing optical fibers using the chemical vapor deposition method in which gas flow SiC14 is used. In this processing technique, thermal dehydration of the glass for several hours at a high tempera ture is also required. Developing low-cost methods for fabricating silica glass in short periods is highly desired. The authors studied the technique of pulsed electric current heating and successfully fabricated glass in a time as short as 2min. Physical, mechanical and optical investigations reveal that the new glass has the same properties as those of fused silica. uniaxial pressure of 20MPa, the mold was heated to 1773-1873K at heating rates of 50 and 100K/min. In the pulsed electric heating technique, the uniaxial loading of samples enables faster heating. However, loading at a pres sure higher than 20MPa causes the melt to flow out of the mold. Mold temperature was measured using a radiation type thermometer fixed outside the heating chamber. This temperature is considered to be that of the mold. The rec tangular pulsed current used has a period of 50Hz. In one cycle, there are 12 (ON) and 2 (OFF) pulses. After heating was completed, the pulsed electric current was switched off and the sample was cooled to room temperature inside the chamber. Then, fractions from each bulk sample were cut for use in property measurements. 
Results and discussions
Profiles of heating temperature and current are shown, respectively, in Figs. 2 (a) and (b) for heating up to 1848K at a heating rate of 50K/min. The temperature was record ed for values higher than 823K because the radiation tech nique could not detect lower values. Thermal expansion with increasing temperature above 823K was clearly ob served in Fig. 2 (a) . However, between 1573-1673K, a large shrinkage corresponding to the mechanism of sinter ing of reagent particles occurred. On further increase in the temperature to around 1773K, the sample melted and the liquid melt came out of mold openings. The latter caused an abrupt shrinkage. After 2 min, we stopped the heating and we left the sample to cool down to room temperature inside the mold. All samples were prepared in this manner. Also, all samples showed shrinkage due to the sintering mechan ism and that due to melting. In Fig. 2 (b) , the current value is seen to increase linearly to the value of 2200A at 1848K. This is the first report on the melting of silica glass for periods as short as 2 min.
Figures 3(a) and (b) show images of samples prepared by heating up to 1823K at heating rates of 50 and 100K/ min. In the case of 50K/min, samples are transparent and free from any visible bubbles. However, in the case of 100 K/min, white parts corresponding to crystalline particles remain on the surface. Figure 4 shows the density of the glass prepared at sever al heating rates. For the heating rate of 100K/min, density decreases with increasing temperature. As shown in Fig. 3  (a) , a large gradient in temperature is believed to be at the origin of remaining crystals. This gradient is at the origin of lowering temperature at the mold-sample interface, hence leaving some reagent solid. Further current was supplied to increase the temperature above 1823K but this caused the diffusion of carbon into silica which led to the formation of numerous bubbles. For the heating rate of 50K/min, bub ble-free and transparent amorphous samples were success fully obtained. We attribute the formation of silica glass with a 50K/min heating rate to the uniform and sufficiently high temperature inside the mold and close to the upper punch. Figure 5 shows the refractive index measured for several samples. Both samples prepared at 50 and 100K/min heat ing rates have the same values of refractive index of 1.458 at 656.3 nm. We attribute this to the fact that parts cut from an internal part of the bulk samples prepared at 100K/min are also amorphous and free of bubbles. Figure 6 shows the plot of the elastic modulus versus tem perature for a sample of 50K/min heating rate. As can be understood from the plot, the elastic modulus has almost a constant value of 75GPa irrespective of the temperature. This constant value is an indication that the glass formed is uniform. Figure  7 shows the absorbance curve. 
Conclusions
Silica glass was successfully prepared using a new tech nique called Pulse Electric Current Heating. The fabrication time of the glass was as short as 2 min. Silica glass prepared by this new technique has the same physical, mechanical and optical properties as fused silica. For the heating rate of 50K/min, bubble-free and transparent amorphous silica glass samples were successfully obtained and the density was 2.2g/cm3. The elastic modulus was 75GPa indepen dent of temperature. The refractive index at 656.3nm was 1.458. The new technique is very promising for the prepara tion of large quantities of silica in short periods of time at a low cost.
